ABSTRACT Objective: To investigate the combination of clinical data, exercise testing and biomarkers for the evaluation of patients with chest pain without ST-segment deviation or troponin elevation. Design: Prospective cohort design. Settting: Two teaching hospitals in Spain. Patients: 422 patients presenting to the emergency department were studied. Leukocyte count, C-reactive protein (CRP), pregnancy-associated plasma protein A (PAPP-A) and N-terminal pro-brain natriuretic peptide (NTproBNP) were determined. A validated clinical risk score (number of points according to pain characteristics and risk factors) was used for clinical evaluation and early exercise testing was performed. Main outcome measures: Adverse events (death, myocardial infarction or revascularisation) during a median 60 weeks follow-up. Results: By receiver operating characteristic curve analysis, the association between death or myocardial infarction and adverse events was not significant with leukocyte count (p = 0.3, p = 0.3) or CRP (p = 0.5, p = 0.8), was borderline significant with PAPP-A (p = 0.07, p = 0.04) and strongly significant with NT-pro-BNP (p = 0.0001, p = 0.0001). By Cox regression including clinical risk score, exercise testing result and biomarkers, exercise testing was the independent predictor of revascularisation (p = 0.0001), whereas risk score (p = 0.03) and NT-proBNP (p = 0.0004) predicted death or myocardial infarction. The inclusion of NT-proBNP improved the accuracy of the model for death or myocardial infarction (C-statistic 0.84 versus 0.76, p = 0.01). The combination of clinical score and NTproBNP afforded the stratification in high (17.2%, p = 0.0001), intermediate (5.3%) and low (1.1%) risk categories of death or myocardial infarction. Conclusions: NT-proBNP provides incremental prognostic information above that given by clinical history and exercise testing in patients with chest pain without STsegment deviation and negative troponin.
The prognostic role of biomarkers related to inflammation and ventricular dysfunction has been studied in acute coronary syndromes. 1 Their predictive power seems to be additive: the greater the number of biomarkers elevated, the worse the prognosis. 2 3 Beyond inflammation at the vascular wall level, inflammation or dysfunction at the area of myocardial necrosis could be the stimulus for biomarker elevation. In the absence of myocardial necrosis, however, the prognostic value is not fully clear.
Risk stratification of patients with acute chest pain and negative troponin is one of the most challenging tasks facing doctors in the emergency department. This is a heterogeneous population to include individuals without coronary artery disease and some with an acute coronary syndrome. The clinical history is often the only tool for evaluation and decision making because the electrocardiogram provides prognostic data, such as ST-segment deviation, in only 12% of cases in this setting. 4 Therefore, biomarkers with an ability to identify high-risk patients have the potential to be a very useful, simple, and widely available tool.
In the present study we approached the risk stratification of the most challenging population: those with chest pain without ST-segment deviation or troponin elevation. To stratify patient risk, a strategy combining clinical history, early exercise testing and multimarker determination was used. For clinical evaluation, we applied a clinical risk score proved to have utility in this population. 5 6 The biomarkers studied included white blood cell (WBC) count and C-reactive protein (CRP) as acute phase reactants, pregnancy-associated plasma protein A (PAPP-A) as a marker of plaque instability, and N-terminal pro-brain natriuretic peptide (NT-proBNP) as a marker of left ventricular wall stress. The objective was to analyse whether a biomarker or a multimarker approach provides additional prognostic information to both a clinical risk profile and early exercise testing.
METHODS

Study group
From November 2003 to June 2005, 422 consecutive patients presenting with acute chest pain of possible coronary origin to the emergency department of the Hospital Clínic Universitari, Valencia, and Hospital Clínic i Provincial, Barcelona, were included. The inclusion criterion was the clinical diagnosis of chest pain of possible coronary origin, established by the cardiologist on duty. All patients were evaluated by a chest pain unit protocol implemented in both institutions. This protocol has been described previously. [4] [5] [6] [7] [8] The procedure involves an evaluation of clinical history, electrocardiogram (ST-segment deviation considered if >1 mm), serial troponin I levels (determined on arrival and eight and 12 hours after pain onset) and early exercise testing in patients with the ability to exercise using a symptom-limited Bruce protocol. Measurement of troponin I was performed at each institution and positive and negative values for myocardial infarction were assigned according to European Society of Cardiology/American College of Cardiology recommendations. 9 Troponin I was determined using a heterogeneous immunoassay module (Dade Behring, Newark, USA) and troponin I elevation was defined as a level of 0.2 ng/ml or greater. The precision of the troponin threshold was confirmed by our laboratory, the coefficient of variation being less than 10%.
After the initial evaluation, patients with a previous history of non-ischaemic heart disease, ST-segment deviation at admission, and troponin elevation in any determination, were excluded. Concomitant infections, known inflammatory or malignant diseases and suspected impaired renal function (creatinine .1.5 mg/dl) were also exclusion criteria. Within the first 24 hours of patient arrival, but after ruling out troponin elevation at 12 hours of pain onset, a blood sample was obtained for CRP, PAPP-A and NT-proBNP determination.
Clinical evaluation
The clinical characteristics of chest pain presentation and risk factors were assessed. On the basis of pain characteristics, the semiquantitative index previously reported by Geleijnse et al 10 was calculated. This consists of a predefined questionnaire to evaluate the clinical characteristics of pain presentation and has been proved to be associated with the outcome of patients with acute chest pain. 5 The risk profile of the patient population was established by applying a previously validated risk score. 5 6 This score was designed for patients with acute chest pain without ST-segment deviation or troponin elevation, and included five variables independently related to the risk of death or myocardial infarction at one year: typical presentation of the chest pain (if >10 points on the Geleijnse questionnaire); two or more pain episodes in the past 24 hours; age 67 years or more; insulindependent diabetes mellitus and previous coronary angioplasty. One point was assigned to each variable except insulindependent diabetes, which was assigned 2 points because its hazard ratio (HR) was twofold greater.
Blood markers testing
WBC were counted at each institution at admission. For the measurement of CRP, PAPP-A and NT-proBNP, a blood sample was drawn during the first 24 hours of patient admission and serum was separated and stored at 280uC until processed. The determination of markers other than WBC was performed in a blinded manner at the Biochemistry Department of the Hospital de la Santa Creu i San Pau, Barcelona. For CRP measurement, a high-sensitivity, particle-enhanced immunoturbidimetric assay (Tina-Quant ultrasensitive PCR latex; Roche Diagnostics, Mannheim, Germany) with a measurement range of 0.1 to 20 mg/l was used in an Hitachi 911 analyser. PAPP-A was measured by an ultrasensitive ELISA method (Diagnostics System Laboratories, Webster, Texas, USA). The assay is an enzymatically amplified, two-step sandwich-type immunoassay using monoclonal antibodies against the PAPP-A molecule, but not against the pro-major basic protein subunit. The stated detection limit and maximal between-batch variance are 0.06 mU/l and 9.8%, respectively. NT-proBNP was measured by a commercially available electrochemiluminescence immunoassay based on the use of a pair of polyclonal anti-NT-proBNP antibodies, one biotinylated and the other labelled with a ruthenium complex (Roche Diagnostics, Mannheim, Germany). The between-batch variance ranged from 5.5% to 7.3% for concentrations from 185 to 12 300 ng/l on an Elecsys 2010 analyser.
Endpoints
The median follow-up was 60 weeks (interquartile interval 46-86 weeks). Adverse events (all-cause mortality, acute myocardial infarction or revascularisation) were recorded. An acute myocardial infarction was defined as a new episode of chest pain with an increased troponin I. Acute myocardial infarction was also considered if creatine kinase MB mass increased to three or more times after percutaneous transluminal coronary angioplasty or to five or more times the upper limit of reference after coronary bypass surgery, respectively. Creatine kinase MB mass (5 mg/l was used as the upper reference limit) was routinely determined at 12 and 24 hours after a revascularisation procedure.
Four patients were excluded from the final analysis as a result of missing blood samples for NT-proBNP determination.
Statistical analysis
The association between blood markers and outcomes was tested by univariate analysis using receiver operating characteristic curves. Likewise, the patient population was categorised according to the clinical risk score into high (>3 points), intermediate (2 points) and low (0-1 points) risk categories, and according to the exercise result into negative, positive, inconclusive and inability to exercise categories. The differences between the categories in blood marker levels, using the MannWhitney U non-parametric test, and in outcomes, using the chisquare test, were analysed.
A multivariate analysis by Cox regression models tested the independent relation of clinical risk score category, early exercise testing category and blood markers with the outcomes. First, a multivariable model introducing clinical risk score and early exercise testing categories was calculated. Second, those biomarkers showing p,0.1 in the univariate analysis were introduced into the model. Blood markers were log-transformed to improve the normality of distribution. Calculations were performed using SPSS software version 9.0 (Chicago, Illinois, USA). Table 1 shows the characteristics of the patient population. A total of 320 patients (76%) were eligible for early exercise testing (within the first 24 hours after arrival). All 179 patients with a negative result were discharged after the exercise test, whereas all 48 with a positive test were hospitalised. In the case of an inconclusive test, patients who reached at least 5 METS equivalents were also discharged. The remaining 102 patients with contraindication to exercise (physical incapacity or abnormalities in the baseline electrocardiogram) were hospitalised for further evaluation. Their management was left at the discretion of the attending doctor. Sixteen patients underwent cardiac magnetic resonance with dipyridamole and 68 cardiac catheterisation.
RESULTS
Patient population and management
Overall, 250 (59%) patients were discharged early and 172 (41%) were hospitalised. During hospitalisation, 105 patients underwent cardiac catheterisation, 40 coronary angioplasty and nine coronary bypass surgery.
Throughout the follow-up, seven (1.7%) patients died, 21 (5%) died or suffered an acute myocardial infarction and 64 (15.2%) were revascularised. A total of 74 patients (17.5%) presented with adverse events.
Blood markers and outcomes
The median values and interquartile ranges of biomarkers were: WBC count 7650 cells/ml (6200-9225), CRP 3.6 mg/l (1.7-7.6), PAPP-A 1.2 mU/l (0.6-2.5) and NT-pro-BNP 110 ng/l (38-311). The area under the receiver operating characteristic curve (AUC) and its significance for each biomarker according to the outcomes were calculated. WBC count and CRP were not related to death or acute myocardial infarction (AUC 0.43, p = 0.3; and AUC 0.46, p = 0.5), or adverse events (AUC 0.54, p = 0.3; and AUC 0.49, p = 0.8). PAPP-A showed a trend towards being associated with death or acute myocardial infarction (AUC 0.62, p = 0.07) and was significantly associated with adverse events (AUC 0.58, p = 0.04), whereas NT-pro-BNP was strongly associated with both endpoints (AUC 0.78, p = 0.0001; and AUC 0.65, p = 0.0001).
Clinical risk profile
The distribution of patients among the risk categories according to the clinical risk score was as follows: 236 patients with 0-1 points, 104 with 2 points and 82 with 3 or more points. The distribution of the blood markers between risk categories was analysed (median values and interquartile range). There were no differences in WBC count (p = 1), CRP (p = 0.6) and PAPP-A (p = 0.2). Patients with 0-1 points had lower NT-proBNP levels (61 ng/l, 28 to 173, p = 0.0001) than patients with 2 points (186 ng/l, 84 to 404) or 3 points (282 ng/l, 83 to 771).
The frequency of death or acute myocardial infarction was greater in patients with 3 or more points (13.1%, p = 0.0001) than in patients with 2 points (1.9%) or 1 or 0 points (3.4%). Similarly, the frequency of adverse events was greater in patients with 3 or more points (31.7%, p = 0.0001) compared with patients with 2 points (23.1%) and 0 or 1 point (10.2%).
Early exercise testing
The distribution of biomarker levels into the subgroups according to the results of exercise testing showed no differences in leukocyte count, whereas patients with an inability to exercise had higher levels of CRP (p = 0.002), PAPP-A (p = 0.05) and NT-proBNP (p = 0.0001). The differences between the subgroups with positive and negative exercise test results were only significant for NT-proBNP: 189 ng/l (54 to 531) versus 59 ng/l (28 to 151), p = 0.001.
Patients with an inability to exercise exhibited the highest rate of death or myocardial infarction (10.8%, p = 0.005) compared with the remaining categories (inconclusive 6.5%, positive 2.1% and negative 1.7%). In terms of adverse events, patients with a negative exercise test had the lowest rate (2.2%, p = 0.0001) compared with patients with a positive (29.2%) or inconclusive (17.2%) result, or the inability to exercise (39.2%). Multivariable analysis Table 2 shows the results of the multivariate analysis. In the first model both clinical risk profile (p = 0.01) and exercise testing result (p = 0.04) had a predictive value for death or myocardial infarction, with a C-statistic of 0.76. After adding the biomarkers, however, NT-proBNP (p = 0.0004) and clinical risk score category (p = 0.03) were the most important predictors, whereas PAPP-A (p = 0.1) showed a non-significant trend and exercise testing result (p = 0.3) lacked prognostic significance. The model, after adding NT-proBNP, was significantly more accurate than the model including only clinical risk score and exercise testing (C-statistic 0.84 versus 0.76, p = 0.01; fig 1) . With regard to adverse events, exercise testing category was the independent predictor of adverse events (p = 0.0001), mostly because of its strong association with revascularisation (p = 0.0001). Risk score category had a non-significant tendency to be associated with adverse events (p = 0.1). The C-statistic of the model was 0.79. The addition of NT-proBNP (p = 0.3) and PAPP-A (p = 0.5) did not increase the accuracy of the model.
Stratification using the clinical risk score and NT-pro-BNP
The cutoff values of 3 points or greater for the risk score and more than 110 ng/l for NT-proBNP were selected for predicting death or myocardial infarction. This NT-proBNP cutoff was chosen because it was the median value of the population and, in addition, showed evidence of high sensitivity (86%) and a negative predictive value (99%).
By Cox regression analysis, a risk score of 3 points or greater and NT-proBNP greater than 110 ng/l were associated with death or myocardial infarction (HR 3.7, 95% confidence interval (CI) 1.5 to 8.9, p = 0.003; and HR 4.6, 95% CI 1.3 to 16.1, p = 0.02). Table 3 presents the outcomes of the subgroups according to the risk score and NT-proBNP. The subgroup with a risk score of 3 points or greater and NT-pro-BNP greater than 110 ng/l had the highest incidence of death or myocardial infarction (10 of 58 patients, 17.2%, p = 0.0001). In contrast, the lowest risk subgroup (risk score less than 3 points and NT-pro-BNP less than 110 ng/l) exhibited a very low rate of death or myocardial infarction (two out of 189 patients, 1.1%). In the intermediate risk subgroup (risk score 3 points or greater or NTpro-BNP greater than 110 ng/l) the frequency of death or myocardial infarction was also intermediate (nine out of 171 patients, 5.3%).
DISCUSSION
The results of this study indicate that NT-proBNP provides incremental prognostic information above that given by clinical history and early exercise testing, in patients presenting in the emergency department with acute chest pain without STsegment deviation or troponin elevation.
Clinical history and exercise testing
Chest pain without ischaemic changes in the electrocardiogram or troponin elevation constitutes a heterogeneous population that are challenging to stratify. Given the paucity of data for decision making, a meticulous clinical evaluation is of utmost importance. In a previous study we described a clinical risk score, using pain characteristics and risk factors, for the prognostic stratification of these patients. 5 6 This score was applied in the present study, which included a mixed cohort from two centres, and confirmed its association with outcomes. The approach combining clinical profile and NT-proBNP, however, increased the accuracy of the prediction model and afforded the distinction of a wider spectrum of risk categories.
Early exercise testing constitutes a very useful tool for the evaluation of patients with acute chest pain. 8 11 12 Its main contribution is that a negative result predicts a good outcome. The main disadvantages are that a proportion of patients are not able to exercise, and the existence of false-positive or inconclusive results. Furthermore, the logistic requirements may impede a 24 hour/seven-day access. In this sense, a simple biomarker determination seems to be an attractive tool. In the present study we have demonstrated the incremental prognostic value of NT-proBNP. Although exercise testing was the most important determinant of adverse events, because of its strong relation with revascularisation, NT-proBNP provided better additional prognostic information than exercise testing to clinical data for death or myocardial infarction. The main contribution of NT-proBNP seems to be the identification of high-risk patients, such as those with a high clinical risk profile and high levels of NT-proBNP, a condition that may be important in settings in which an early exercise test could not be performed. Nevertheless, the usefulness of NT-proBNP in those patients with a low risk profile and who can undergo exercise testing needs to be clarified in a larger cohort.
N-terminal pro-brain natriuretic peptide
Increased levels of brain natriuretic peptide and NT-proBNP imply a worse prognosis in the whole spectrum of acute coronary syndromes. [13] [14] [15] [16] [17] The predictive value persisted in the subgroup of patients with unstable angina and negative troponin of the OPUS-TIMI 16 and PRISM trials performed in patients with non-ST-segment elevation acute coronary syndromes. 13 16 NT-proBNP has, however, not been studied previously in less selected patients with chest pain without overt signs of acute coronary syndrome. Our results showed that NT-proBNP also predicted the outcome in this challenging population. We determined NT-proBNP within the first 24 hours of patient arrival, after ruling out troponin elevation. In other studies, such a determination was done as early as at arrival or as late as at 40 hours after admission. 13 17 In acute coronary syndromes, NT-proBNP levels have been shown in a previous study to have a dynamic behaviour with peak values at 16 to 24 hours after admittance. 18 Therefore, sampling late after patient arrival but within the first 24 hours could be representative for risk assessment.
Other biomarkers
An increase in PAPP-A was related to a worse outcome in patients with acute coronary syndromes. 19 20 In other studies, however, PAPP-A was only a modest predictor. 21 In the present study including patients with chest pain and normal troponin, although PAPP-A showed a trend towards association with a worse outcome, NT-proBNP was the best predictor. Lund et al and Heeschen et al 20 reported the association between PAPP-A and prognosis in patients with chest pain and normal troponin. The design of those studies, however, differed from our study: (1) ST-segment deviation was not an exclusion criterion, therefore the risk of the population could be different; (2) neither a risk score nor NT-proBNP was used; (3) the blood samples were taken at different times. The best time for PAPP-A determination remains to be elucidated. 22 Finally, methodological issues such as whether PAPP-A antibodies used in the assays recognise the PAPP-A form released in acute coronary syndromes could also contribute to the differences between current data and others. 23 CRP and WBC count are well-known prognostic markers in acute coronary syndromes. In chest pain patients with nonelevated troponin, however, some data have suggested a prognostic value, but other studies have not. 19 24-26 We did not find a significant association between CRP or WBC count and outcomes. The fact that myocardial necrosis is the most powerful stimulus for an increase in CRP could explain the loss of its prognostic significance in a normal troponin population. 27 28 In a recent series of patients with acute chest pain and non-elevated troponin, the WBC count also failed to predict outcomes. 29 
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CONCLUSIONS
Risk stratification of patients with acute chest pain without STsegment deviation and negative troponin can be conducted combining the clinical history, early exercise testing and NTproBNP levels. The information provided by NT-proBNP is additional to that of the clinical history and early exercise testing for the prediction of death or myocardial infarction. Recognising how difficult it is to achieve effective risk stratification of individual patients with respect to multifactorial disease processes, 30 the results of the present study suggest that the implementation of NT-proBNP in the emergency department could help decision making in this challenging population.
